A component of superconnection of 11-dimensional curved superspace at second order in anticommuting coordinates by Yuuichirou, S










































































































































































































































































































































































































































































































































In recent developments of string theory, the deep connection between supergravity and
super Yang-Mills theory has claried. One remarkable example is the AdS/CFT corre-
spondence [1]. In this researches, many supergravity theories which can be obtained by
dimensional reduction from 11-dimensional supergravity have played important roles [2].
On the other hand, some years ago, T. Banks, W. Fischler, S. H. Shenker and L.
Susskind (BFSS) proposed that Matrix theory gives a complete description of light-front
M-theory [3]. It had been proposed as a theory of D0-branes by E. Witten [4]. The candi-
date of its extension on curved backgrounds is the supermembrane theory. It is described
as nonlinear sigma model [5] and couples to 11-dimensional superspace backgrounds that
satisfy a number of constraints which are equivalent to 11-dimensional on-shell supergrav-
ity [6].
Thus, it is important that getting much knowledge of 11-dimensional superspace struc-
ture. Nevertheless we have little knowledge of it. By E. Cremmer, S. Ferrara, L. Brink
and P. Howe the on-shell conditions and components of superelds up to rst order in
anticommuting coordinates was investigated [6]. By B. de Wit, K. Peeters and J. Plefka
the components of 3-form supereld and part of components of vielbein superelds up to
second order in anticommuting coordinates was investigated [7]. In the previous paper,
the remaining components of vielbein superelds up to second order in anticommuting
coordinates was investigated [8].
In this paper, we compute part of components of connection superelds and the compo-
nents of Lorentz superparameter at second order in anticommuting coordinates in terms of
the component elds of 11-dimensional on-shell supergravity by using `Gauge completion'.
This conguration of superspace holds the -symmetry for supermembrane Lagrangian
and represents 11-dimensional on-shell supergravity.
The paper is organyized as follows. In section 2, we explain `gauge completion'. In
section 3, we compute parts of the superelds. Our conventions are summarized in Ap-
pendix.
2 Gauge Completion
`Gauge completion' was introduced to identify superspace representation as on-shell su-
pergravity [9]. In this section we review this method.
`Gauge completion' is searching for structures of the superelds and superparameters
which are compatible with ordinary supergravity. That is to say, supertransformations
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(2.5) - (2.7) are identied as transformations in 11-dimensional spacetime (2.1) and the
 = 0 components of superelds and superparameters are identied as the elds and
parameters of ordinary supergravity.
2.1 Supersymmetry algebra















































































) is the supercovariant spin connection. And other notation is the same as
that in [8].
































































































  (1$ 2): (2.4)
On the other hand, transformations in superspace formalism are as follows. The















































































































































































  (1$ 2): (2.9)
2.2 Gauge completion





















































Moreover we introduce the assumption that superparameters do not include the derivative
of . Then, the higher order components in anticommuting coordinates can be obtained by
requiring consistency between the algebra of superspace supergravity and that of ordinary
supergravity.
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, we can choose the gauge as 
MN
= 0 because
this superparameters do not change the 3-form superelds (2.7) and the algebra (2.9).





To obtain the higher order components of superparameters which depend on , we
must calculate the commutation of two supersymmetry transformation.













































































































In the same way, to obtain the higher order components of superparameters which
depend on  we must calculate the commutation of supersymmetry transformation and
Lorentz transformation. To obtain the higher order components of superparameters which
depend on 
mn
we must calculate the commutation of supersymmetry transformation and
gauge transformation. To obtain the higher order components of superparameters which
depend on 
m
we must calculate the commutation of supersymmetry transformation and















































































































































































































































































































































































































































































































































































































































































































































































Up to rst order in anticommuting coordinates, the supereld components was inves-


























































































































































































































































































































































this equation is inconsistent because  and  in the left-hand side of it are antisymmetric
but these in the right-hand side of it are not antisymmetric. Thus we must add terms

























































































































































































































































































































































































































































































































































































































































































is expected to contain curvature terms. From Bianchi identity, curvature terms should ap-
peared in vielbein superelds at third and the higher order in anticommuting coordinates.
This gives interaction terms coupled to curvature in Matrix model and higher curvature





. These terms and terms which are required to obtain terms of Matrix





is also important in study of superspace structure and curved mem-
brane action. -symmetry constraints act on torsion elds and curvature elds. Torsion
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has information about more















nonlinearly exact supersymmetry eld strength which information is important in study
of supersymmetry.
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We use Greek indices for spinorial components and Latin indices for vector components.
And we use former alphabet for the tangent space indices and later for general coordinates
indices: a; b; c; ::: for tangent vector indices and k; l;m; ::: for general vector indices, and





) are designated Z
M
, where later capital Latin alphabet
M;N; :: are collective designations for general coordinate indices. While former capital
Latin alphabet A;B; :: are collective designations for tangent space indices.
A.2 p-form supereld




















































is component at i-th order in anticommuting coordinates.
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A.3 Brackets
























+ symmetric terms): (A.3)
A.4 Gamma matrices(11-dimensional)












We use the mostly plus metric; 
ab

































(n = 0; 3; 4; 7; 8; 11) are
antisymmetric matrices.
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